Recent observations with the Atacama Large Millimeter/submillimeter Array (ALMA) detected far-infrared emission lines such as the [Oiii] 88 µm line from galaxies at z ∼ 7 − 9. Far-infrared lines can be used to probe the structure and kinematics of such high-redshift galaxies as well as to accurately determine their spectroscopic redshifts. We use a cosmological simulation of galaxy formation to study the physical properties of [Oiii] 88 µm emitters. In a comoving volume of 50 h −1 Mpc on a side, we locate 34 galaxies with stellar masses greater than 10 8 M ⊙ at z = 9, and more than 270 such galaxies at z = 7. We calculate the [Oiii] 88 µm luminosities (L OIII,88 ) by combining a physical model of Hii regions with emission line calculations using the photoionization code CLOUDY. We show that the resulting L OIII,88 , for a given star formation rate, is slightly higher than predicted from the empirical relation for local galaxies, and is consistent with recent observations of galaxies at redshifts 7 -9. Bright [Oiii] emitters with L OIII,88 > 10 8 L ⊙ have stellar masses greater than 10 9 M ⊙ , star formation rates higher than 3 M ⊙ yr −1 , and the typical metallicity is ∼ 0.1 Z ⊙ . The galaxies are hosted by dark matter halos with masses greater than 10 10.5 M ⊙ . Massive galaxies show characteristic structure where the [Oiii] emitting gas largely overlaps with young stars, but the emission peak is separated from the main stellar population, suggesting the stochastic and localized nature of star formation in the first galaxies. We propose to use the [Oiii] 5007Å line, to be detected by James Webb Space Telescope (JWST), to study the properties of galaxies whose [Oiii] 88µm line emission has been already detected with ALMA. The large-scale distribution of [Oiii] 5007Å emitters can be probed by using JWST NIRCam, and by proposed future space missions such as SPHEREx and CDIM.
INTRODUCTION
One of the major goals of the next generation space-borne and ground-based telescopes is to detect and characterize the first galaxies that were in place several hundred million years after the Big Bang. There has been impressive progress in exploration of the redshift frontier of distant galaxies. Hubble Space Telescope have detected a number of distant galaxies by dropout techniques (Yan et al. 2011; Ellis et al. 2013; McLeod et al. 2013; Schenker et al. 2013; Dunlop et al. 2013; Robertson et al. 2013; Ono et al. 2013; Koekemoer et al. 2013; Oesch et al. 2013; Bouwens et al. 2014; Finkelstein et al. 2014; Bouwens et al. 2015) . Intrinsically faint galaxies have also been detected with the help of gravitational lensing magnification (Zheng et al. 2012; Oesch et al. 2014; Ishigaki et al. 2015) . Hydrogen Lyα line has been used primarily to determine the spectroscopic redshifts of these galaxies. Unfortunately, the Lyα line becomes increasingly weak at z > 7 through the epoch of reionization when the IGM neutral fraction increases (e.g. Konno et al. 2014 ).
Rest-frame far-infrared lines are promising probe of distant galaxies. The Atacama Large Millimeter/submillimeter Array (ALMA) is capable of detecting multiple far-infrared lines even from galaxies at z > 7. Although initial attempts to detect the [Cii] 158µm line, one of the brightest emission lines from star-forming galaxies, resulted in both success and non-detections (Walter et al. 2012; Kaneker et al. 2013; Ouchi et al. 2013 ), recent observations show that the [Cii] 158µm line can be used to identify and to study the structure and kinematics of distant galaxies (Smit et al. 2018 ).
[Oiii] 88µm emission is another excellent probe of highredshift star-forming galaxies. From a theoretical point of view, the [Oiii] 88µm emission is easy to model because it originates from Hii regions, unlike the [Cii] 158µm emission which likely originates from both ionized and neutral regions (Nagamine et al. 2006; Pallottini et al. 2017; Lagache et al. 2018) . Interestingly, many nearby dwarf galaxies show stronger [Oiii] 88µm emission than [Cii] 158µm Lebouteiller et al. 2012; Cormier et al. 2015) . Motivated by these observations, Inoue et al. (2014) proposed to use the [Oiii] 88µm line to determine the spectroscopic redshifts of galaxies at z > 8. Recent observations using ALMA successfully discovered the [Oiii] line from galaxies beyond redshift 7 Carniani et al. 2017; Laporte et al. 2017 ) and even at z = 9.11 (Hashimoto et al. 2018a ). In combination with optical/infrared observations and detection of the hydrogen Lyman-α line, the ALMA observations provide rich information on the physical properties of the early galaxies that are thought to have driven cosmic reionization.
With the launch of James Webb Space Telescope (JWST) scheduled in 2020, it is timely and important to study the formation and evolution of early emission line galaxies. To this end, we use a high-resolution cosmological simulation of galaxy formation and study the statistics and physical properties of a population of [Oiii] emitters at z > 7. Throughout the present Letter, we adopt a ΛCDM cosmology with the matter density ΩM = 0.3175, the cosmological constant ΩΛ = 0.6825, the Hubble constant h = 0.6711 in units of H0 = 100 km s 
METHODS
We use outputs of a cosmological hydrodynamics simulation of Shimizu et al. (2016) . The simulation follows the formation of galaxies in a fully cosmological context by implementing star formation, the stellar feedback effects by radiation pressure and supernova explosions, and multielement chemical enrichment (Okamoto et al. 2008 (Okamoto et al. , 2010 Okamoto & Frenk 2009) . Our simulation reproduces a broad range of the observed features of high-redshift galaxy populations such as Lyman break galaxies, Lyman-α emitters, and sub-mm galaxies as well as those of local galaxies (Shimizu et al. 2012 (Shimizu et al. , 2016 Okamoto et al. 2014) . The details of the simulation are found in Shimizu et al. (2016) . The initial conditions are configured with 2 × 1280 3 gas and dark matter particles in a cubic volume of comoving 50h −1 Mpc. The mass of a dark matter particle is 4.44 × 10 6 h −1 M⊙ and the initial mass of a gas particle is 8.11 × 10 5 h −1 M⊙. The softening length for the gravitational force is set to be 2 h −1 kpc in comoving unit. Following the standard star-formation prescription, star particles are spawned in cold and dense gas clouds. The mass of a star particle is as small as ∼ 10 6 M⊙, and thus galaxies with mass ∼ 10 9 M⊙ are represented by more than ∼ 1000 star particles and gas particles. We study the internal structure of the galaxies of sub-kpc scales such as the relative distributions of young and old stars, and also the distribution of rest-frame optical/far-infrared line emitting regions. 
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SPECTRAL ENERGY DISTRIBUTION OF GALAXIES
We calculate the SED of each spawned star particle using the population synthesis code PÉGASE2 (Fioc & Rocca-Volmerange 1997) . We obtain the total SED of a simulated galaxy by summing the contributions from all the star particles within the galaxy. We adopt the Calzetti law of dust extinction (Calzetti et al. 2000) . We calculate the escape probability fUV of ultra-violet (UV) photons at 1500Å adopting a dust distribution model of Xu & Buat (1995) and Shimizu et al. (2014) :
where δ is a parameter whose value is from 0 to 1 and τ d is the UV optical depth. The optical depth τ d is calculated in the same way as in Shimizu et al. (2016) . With δ = 0.95 for attenuation of continuum, the rest-frame UV luminosity function matches well to the observed ones at z = 6 − 10. The nebular emission line luminosities are calculated in the following manner. We assume that the line luminosity, L line , is proportional to the Hβ luminosity with the case-B approximation (Dopita & Sutherland 2003) , L caseB Hβ , as
where fesc is the Lyman continuum escape fraction and C line is the line luminosity ratio. We generate a library of emission lines using CLOUDY ) following Inoue (2011) and Inoue et al. (2014) . The library covers a wide range of gas metallicity Z, the ionization parameter U and the gas density nH as given in Table 1 . We assume fesc = 0.1 in the present Letter. Individual Hii regions are not resolved in our simulation, and thus we resort to a simple physical model of the inter-stellar medium (ISM) structure to calculate the emissivities of the lines originating from Hii regions. We characterize the ISM by the local density nH and metallicity Z, and also by a volume-averaged ionization parameter
where Q is the production rate of ionizing photons from each star particle, and αB is the case-B hydrogen recombination coefficient. Essentially, we assume a constant gas density in a spherical Hii region surrounding a star particle (e.g. Panuzzo et al. 2003; Hirschmann et al. 2017) . We assume that the gas density of the Hii region surrounding the star particles scales with the global gas density nH , which is calculated from the half stellar-mass radius of the galaxy and the gas mass within it, as nH = K nH . With K = 5 as our fiducial value, the Hii region density ranges approximately from 30 to 300 cm −3 , which is the typical range of the nearby Hii region density (Osterbrock & Ferland 2006 ). Figure 1 shows the spatial distribution of the [Oiii] emitters identified at z = 7. The blue and red points represent galaxies with LO III,88 > 10 7 L⊙ and > 10 8 L⊙, respectively. The [Oiii] emitters are strongly clustered, and trace the largescale structure of ∼ 10 h −1 Mpc scales. The early large-scale structure and its evolution can be probed by future observations with JWST NIRCam targeting rest-frame optical emission lines such as [Oiii] 5007Å, as we propose in Discussion section, or by utilizing the intensity mapping technique at sub-millimeter wavelengths (Visbal & Loeb 2010) . Our simulation predicts that the total [Oiii] 88µm luminosity at z = 7 in a cubic volume of comoving 50h −1 Mpc is 2.0 × 10 10 L⊙, giving a significant contribution to the global sub-millimeter line intensity.
RESULTS
In Figure 2 , we plot LO III,88 against star-formation rate (SFR) for our emission line galaxy samples. For reference, we also show the LO III,88 -SFR relation for all kinds of local galaxies derived by De Looze et al. (2014) . Our model predicts slightly larger values of LO III,88 than the local relation; early galaxies tend to be compact and have large ionization parameters. Several galaxies in the simulated volume have LO III,88 and SFRs comparable to the intrinsic LO III,88 and SFRs of the galaxies recently identified at z ∼ 7 − 9 (Carniani et al. 2017; Laporte et al. 2017; Hashimoto et al. 2018a ). The bright [Oiii] emitters have a metallicity of ∼ 0.1 Z⊙, consistent with the estimate of, e.g., Inoue et al. (2016) . The [Oiii] emitters with LO III,88 > 10 8 L⊙ at z = 7 are hosted by dark matter halos with more massive than 10 10.5 M⊙, and their strong clustering pattern is clearly seen in Figure 1 . These features suggest that the [OIII] 88µm emitters at z ∼ 7 − 9 represent relatively well-established galaxies in the early universe.
The bright [Oiii] emitters have extended structure of ∼ 1 kpc. We find that the [Oiii] 88µm emitting regions in the galaxies are highly localized and often displaced from the bulk stellar distribution. Figure 3 shows the structure of one of the brightest galaxies at z = 9. Motivated by Both of the [Oiii] 88µm line emission and the UV continuum trace young stellar populations with ages shorter than several million years. Though the relative displacement between the two distributions is often found for our bright galaxy samples, the flux peaks roughly coincide with each other, consistent with the observed galaxies at z ∼ 7 − 9 Hashimoto et al. 2018a ). We note that there can also be spacial offsets between the [Oiii] 88µm and the UV emission caused by an inhomogeneous dust distribution (Katz et al. 2017) .
DISCUSSION
Conventional optical line diagnostics can be used to study the physical properties of the early star-forming galaxies. We The superb spectral and angular resolution of JWST NIRSpec IFU spectroscopy will enable us to study the structure and the kinematics of galaxies at z > 7. Gravitational lensing greatly helps not only by increasing the apparent flux of distant galaxies, but also by increasing the effective 'physical' spatial resolution. The sub-arcsecond resolutions of ALMA and JWST can be fully exploited to study the fine structure of lensed galaxies even at sub-kiloparsec scales. Signatures of merger event or the galaxy's rotation can also appear as the line-of-sight velocity gradient of typically ∆v ∼ 100km s −1 (see the upper-right panel of Figure  3 ).
Future observations with ALMA and JWST hold promise to understand the formation and evolution of the first galaxies. Combining with fully resolved observations of other rest-frame optical and far-infrared emission lines originating from hydrogen, carbon and oxygen in a variety of phases in the ISM, and also with dust continuum emission, we will be able to study the chemical evolution and the ISM structure and kinematics of the galaxies a few to several hundred million years after the Big Bang. It is important to explore theoretically pan-chromatic approaches to elucidate the nature of the first galaxies.
The large-scale distribution of the [Oiii] emitters can be probed by using JWST NIRCam, either by using its narrow band filters or with its grism spectroscopy mode. For instance, the line sensitivity for the NIRCam grism module at the F444W band is ∼ 3.4×10 −18 erg s −1 cm −2 for S/N = 5 with a 10 4 second exposure. It is expected from Figure 1 and 4 that, within the field-of-view of 2 × 2.2' × 2.2', there will be several [Oiii] 5007Å emitters on average detected in the redshift range of 6.8 < z < 9.0. Multiple pointings or mosaic observations will map the three-dimensional distribution of [Oiii] emitters in the redshift range.
Systematic surveys with JWST NIRCam narrow-bands can also probe the large-scale structure at z > 8. If we perform a narrow-band survey using the F466N filter with the same exposure, we can detect, with S/N = 5, z = 8.3 [Oiii] emitters with line fluxes above ∼ 6.6 × 10 −19 erg s −1 cm −2 . This limit roughly corresponds to detecting the galaxies shown by blue points in Figure 1 . In such narrow-band surveys, foreground Hα emitters are severe contaminants, or can actually be major targets at the corresponding wavelength (Silva et al. 2018 ), but one can use J-dropout technique to select [Oiii] 5007Å emitters. We have found that the [Oiii] emitters at z = 8.3 in our simulation are separated typically by Y105 − J125 > 1.0 − 1.5 from Hα emitters at z = 6.2. It is possible to select preferentially the [Oiii] emitters if we choose and survey a region where deep broadband data are available.
Future space missions such as Spectrophotometer for the History of the Universe, Epoch of Reionization, and Ice Explorer (SPHEREx) and Cosmic Dawn Intensity Mapper (CDIM) utilize the infrared intensity mapping technique to probe the large-scale galaxy distribution at highredshifts (Cooray et al. 2016; Dore et al. 2016) . Redshifted [Oiii] 5007Å emission from early star-forming galaxies such as those studied in the present Letter is an excellent target, and thus serve as a valuable cosmological probe. 
